Interactions between Ca2+ and cAMP messenger system in regulation of airway smooth muscle contraction.
Cholinergic stimuli acting via muscarinic receptors stimulate airway smooth muscle to contract and beta-adrenergic stimuli induce it to relax. Cholinergic agonists stimulate intracellular Ca2+ release and Ca2+ influx, and beta-adrenergic agonists stimulate adenosine 3',5'-cyclic monophosphate (cAMP) production. Since it was found that cAMP alters cholinergic agonist-induced changes in cellular Ca2+ metabolism, it was postulated that cAMP brought about a relaxation of this smooth muscle primarily by altering Ca2+ metabolism. More recently, it has become clear that when cholinergic agonists, as well as histamine and serotonin, act, the hydrolysis of polyphosphoinositols is stimulated, diacylglycerol production is increased, and coordinated changes in Ca2+ metabolism and protein kinase function occur. These agonists also act to inhibit adenylate cyclase activity. Conversely, it has been found that in the absence of agonist activation, cAMP increases Ca2+ influx without stimulating contraction and that in the presence of muscarinic agonists, it acts to inhibit polyphosphoinositide hydrolysis. In addition, cAMP has been shown to alter the state of phosphorylation of a number of cellular proteins, an effect that is independent of any effect on cellular Ca2+ metabolism. Based on these newer data, an expanded model of Ca2(+)-cAMP interactions in the regulation of airway smooth muscle tone is presented. A key feature of this model is the operation of dual, reciprocal inhibitory signals by which the Ca2+ and cAMP messenger systems modulate each other's expression.